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(57) Abstract 



A permeable structure (16) forms a chamber (12) to hold livbg cells (14). The structure includes a first pemieable regicHi (18) 
surrounding at least a portidn of the chamber (12) having a confirmation that, when implanted is host tissue, substantially blocks penetration 
of host cells into the chamber (12) while permitting solute transport The structure (16) also includes a second permeable region (20) 
overlaying the first permeable region (18) having a confinmation that, when implanted in host tissue, forms a penneable interface with 
host tissue that permits solute transport. A third permeable region (22) is located between the first (18) and second (20) permeable 
regions. The third region (22) comprises a solution of polymer material formed in place between the first (18) and second (20) permeable 
regions. The third permeable region (22) bcmds the first (18) and second (20) pcmieable regions together. The third permeable region 
(22) also has a confirmation that, when implanted in host tissue, pennits solute transport between the first (18) and second (20) penneable 
regions together, providing a robust, laminated struchire that resists delamination during implantation caused by cellular infiltration into 
discontinuous spaces between the first (18) and second (20) regions. The third, formed-in-place region (22) can also have a confirmation 
providing an immunoisolation effect. Furthermore, the permeability of the third, formed-in-place membrane (22) is sufficient high that it 
does not adversely effect die pennability value desired for die overall multiple layer structure (16). 
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MULTIPLE LAYER, FORMED-IN-PLACE IMMUNOISOLATION 
MEMBRANE STRUCTURES FOR IMPLANTATION OF CELLS IN 

HOST TISSUE 

5 The invention generally relates to systems and methods for 

implanting materials into body tissue. In a more particular sense, the invention 
relates to the structures and methods for implanting living cells in host tissue 
i^ithin permeable membrane structures for achieving a desired therapeutic effect, 
such as, for example, the treatment of diabetes. 

10 Background of thg Invention 

Many diseases could be treated in a more physiologic fashion if tissue 
from lower animals could be transplanted into humans. Inmiunoisolation, as its 
name implies, is the protection of transplanted organs, tissues, cells, etc. from 
attack by the host immune system. Isolation from the host immune system is 

15 accomplished by the use of a semipermeable membrane. 

Recent work by Brauker et al. has demonstrated that a prescribed 
membrane architecture can promote vascular structures near the host tissue- 
membrane interface. Such membranes had pores that were formed by membrane 
structures (strands or fibers) with a diameter of less than Sjim, whereas 

20 membranes that did not develop near vascular structures had cavities with 
"plate-like" qualities, having diameters greater than 5 |im. Histological 
examination of the vascularizing membranes revealed that the invading 
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inflammatory cells (of the host) had a rounded morphology, while the cells were 
flattened in the membranes that did not have close vascular structures. See. 
Brauker et al.» Neovascularization of Synthetic Membranes Directed by 
Membrane Nficroarchitecture, J. Biomed. Mat. Res.» In Press; Brauker, J., 
5 Martinson, L., Young, S., Johnson, R. C: Neovascularization at a 
membrane-tissue interface is dependent on microarchitecture. Transactions of the 
Fourth World Biomaterials Congress April 24-28, 1992 p. 685; Brauker, X, 
Martinson, L., Carr-Brendel, V. E,, and Johnson, R. C: Neovascularization of a 
PTFE membrane for use as the outer layer of an immunoisolation device. 

10 Transactions of the Fourth Worid Biomaterials Congress April 24-28, 1992 p. 

676; Brauker, J., Martinson, L., KU, R., and Young, S.: Neovascularization of 
immunoisolation membranes: The effect of membrane architecture and 
encapsulated tissue. Transplantation 1:163,1992; and Brauker, J., Martinson, L. 
A., Hill, R. S., Young. S. K., Carr-Brendel, V. E., and Johnson, R. C: 

15 Neovascularization of immunoisolation membranes: The effect of membrane 
arclutecture and enc^sulated tissue. Transplantation Proceedings 24:2924, 1992; 
copending Brauker et al. U.S. Patent Application Serial No. 08/210,068, filed 
March 17, 1994, entitled "Close Vascularization Implant Material.** 

Membranes of the type characterized by Brauker et al. facilitate high 

2 0 levels of vascularization near the membrane-host tissue interface. 

Vascularization-promoting membranes of the type characterized by 
Brauker at el. still must be used in association with an immunoisolation 
membrane. The immunoisolation membrane is phiced between the 
vascularization membrane and the implanted tissue and has a pore aze sufficient 

25 to block penetration by host vascular structures completely through the permeable 
boundary that separates the implanted cells fi^om host tissue. Such penetration 
breaches the integrity of the boundary , exposing the implanted cells to the 
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complete immune response of the host. Furthermore, the immunoisolation 
membrane must also prevent the passage of host inflammatoiy cells Qn the case 
of aUografts) and the passage of both host inflammatory cells and molecular 
immunogenic cells On the case of xenografts). Vascularization-promoting 
5 membranes of the type characterized by Brauker et al., when used in association 
with an immunoisolation membrane, are capable of supporting allografts at high 
tissue densities for extended periods, even in the absence of inununosuppressive 
drugs. 

The need for both a vascularization*promoting membrane and an 

10 inununoisolation membrane has resulted in laminated membrane structures. For 
example, Clarice ct al U.S. 5,344,454 discloses the lamination of a GOKE-TEX^ 
membrane material (which serves as a vascularization-promoting membrane) and 
a BIOPORE™ membrane material (which serves as an inununoisolation 
membrane for allografts) using a criss-crossing pattern of nonpermeable 

15 polymeric adhesive. It has been observed that this laminated structure can 
experience delamination when implanted. This delamination is caused by the 
infiltration of host inflammatory cells between the two membrane materials, 
forcing the material apart. This delanunation can increase the dififiision distance 
the laminated membrane structure presents between the host vascular structures 

20 and implanted tissue. This, in turn, can adversely effect the passage of nutrients 
through the laminated membrane structure to the implanted cells. 
Sffmrnpry gf jht JnytPtfon 

One aspect of the invention provides a permeable multiple layer, 
laminated structure for implanting in host tissue. The permeable structure forms 

25 a chamber to hold living cells. The structure includes a first permeable re^on 
. surrounding at least a portion of the chamber having a conformation that, when 
implanted in host tissue, substantially blocks penetration of host cells into the 
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chamber while permitting solute transport. The structure also includes a second 
permeable repon overlying the first permeable region having a conformation that, 
when implanted in host tissue^ forms a penneable interface ^th host tissue that 
permits solute transport. According to tUs aspect of the invention, a third 
5 penneable region is located between the first and second permeable regions. The 
tUrd re^on comprises a solution of polymer material formed in place between the 
first and second permeable regions. The third permeable region bonds the first 
and second permeable re^ons together. The third permeable regjon also has a 
confonnation that, when implanted in host tissue, permits solute transport 

10 between the first and second permeable regions. 

The third, formed-in-place region bonds the first and second permeable 
regjons together, pro>dding a robust, laminated structure that resists delamination 
during implantation caused by cellular infiltration into discontinuous spaces 
between the first and second regions. The third, formed*in»pIace region can also 

15 have a conformation providing an immunoisolation effect. Funhermore, the 
permeability of the tWrd, formed-in-place membrane is sufficient high that it does 
not adversely effect the permeability value desired for the overall multiple layer 
membrane structure. 

Another aspect of the invention provides a permeable structure with a 

20 redundant immunoisolation barrier The structure includes a permeable layer 
surrounding the chamber that, when implanted in host tissue, blocks contact 
between cells in the chamber and host cells while permitting transport of solutes. 
The permeable layer includes a first immunoisolation re^on having a 
conformation that, vAtm implanted in host tissue, substantially blocks penetration 

25 of host inflanmiatory cells. The permeable layer also includes a second 
immunoisolation region distinct fi^om the first region. The second region has a 
conformation that, when implanted in host tissue, also substantially blocks 
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penetration of host inflammatory cells. The first and second re^ons are mutually 
arranged in the permeable layer to together provide a redundant immunoisolation 
barrier. 

In one embodiment, the first and second immunoisolation regions contact 
5 each other in the layer. In another embodiment, the first and second 
immunoisolation re^ons are spaced apart in the layer. 

In a preferred embodiment, the first immunoisolation region is formed in 
place in contact vdth the second immunoisolation region by being cast in contact 
>^th the second inununoisolation region and then coagulated in place in contact 
1 0 ^th the second immunoisolation region. 

The invention also provides methods for making devices for implanting 
in host tissue using the permeable structure, as well as methods for implanting 
living ceUs within such devices in host tissue. 

Other features and advantages of the inventions will become apparent 
15 upon review of the follovrfng specification, dra^^ings, and claims. 
Brief Description of thePrawinfi 

Hg. 1 is a perspective view of an implant assembly that includes a formed- 
in*place laminated membrane structure that embodies features of the invention, 
being held in a clinician*s hand; 
20 Fig. 2 is an enlarged perspective view of the implant assembly shown in 

Fig. 1; 

Fig. 2A is an enlarged perspective view of an alternative implant assembly 
that includes a foimed-in-place laminated membrane structure that embodies 
features of the invention; 
2 5 Fig. 3 is a side section view of the implant assembly with formed-in-place 

laminated membrane structure, taken generally along line 3-3* in Fig. 2; 

Fig. 3 A is a ride section view of the assembly shown in Fig. 2A taken 
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generally along line 3 A-3 A in Fig. 2A; 

Rg. 3B is an enlarged end section view of the assembly shown in Fig. 2A, 
taken generally along line 3B-3B in Fig. 3 A; 

Fig. 4 is a perspective vitw of a casting chamber containing apparatus 
5 used to mami&cture fonned-in-place laminated membrane structures that embody 
features of the invention; 

Figs. 5 to 11 show the steps in manufacturing the formed-in-place 
laminated membrane structure using the apparatus shown in Fig. 4; 

Fig. 12 is a micrograph of a formed-in-place lanunated membrane 
10 structure that embodies the features of the invention; 

Fig. 13 is a log graph comparing the permeability of formed-in-place 
laminated membrane structures embodying the invention to a prior lanunated 
membrane structure; 

Fig. 14 is a micrograph of a formed-in-place laminated membrane 
15 structure after implantation in host dog tissue for ten weeks, showing the absence 
ofdelamination; 

Fig. IS is a micrograph of a prior laminated membrane structure after 
implantation in host dog tissue for ten weeks, showing the presence of 
delamination; 

20 Fig. 16 is a nucrograph of a formed-in-place laminated membrane 

structure after implantation in host rat tissue for three weeks, showing the absence 
ofdelamination; and 

Fig. 17 is a ride section view of a redundant immunoisolation barrier that 
embodies the features of the invention. 

2 5 The invention may be embodied in several forms without departing from 

Its spirit or essential characteristics. The scope of the invention is defined in the 
appended claims, rather than in the specific description preceding them. All em- 
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bodiments that fall \rithin the meaning and range of equivalency of the claims are 
therefore intended to be embraced by the claims. 
Description of the Preferred Embodiments 

L The Implant Assembly 
5 Figs. 1 to 3 show one embodiment of an implant assembly 10 that em- 

bodies the features of the invention. Figs. 2 A and 3A/B show an alternative 
embodiment of such an implant assembly 10\ vAnch represents a preferred 
embodiment for reasons set forth below. 

Both assemblies 10 and 10* form a chamber 12 (see Figs. 3 and 3AyB) to 
10 hold living cells 14 while implanted in host tissue. The implanted cells 14 
generate biological products that the host, because of disease or injury, caiuiot 
produce for itself For example, the chamber 12 can cany clusters of pancreatic 
ceDs (called "islets"), which generate insulin for release into and use by a diabetic 
host. 

15 In the embodiment shown in Fig. 2, the assembly 10 is carried \^thin a 

hoop-like houang 24. The details of construction of the hoop-like housing 24 are 
disclosed in U.S. Patent 5,344,454, which is incorporated herein by reference. In 
the embodiment shown in Figs. 2A and 3AyB, the assembly 10' comprises a 
peripherally welded imit, without need for an external housing to lend mechanical 

20 support. 

The assemblies 10 and 10' each forms a permeable, life sustaining 
boundary 16 between the implanted cells 14 and the host. The permeable 
boundary 16 is characterized in terms of its ultimate physical strength and its 
permeability profile. The boundary 16 serves to isolate the implanted tissue cells 

25 from the immune response of the host The boundary 16 also serves to transfer 
nutrients and waste products in support of the metabolic processes of implanted 
cells. The assembly 10' shown in Figs. 2A and 3A/B includes a sealing or 
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spacing ring 13, to which the peripheral edges of the boundary 16 are sealed by 
ultrasonic welding. 

Regardless of whether the implanted cells 14 are xenogeneic, allogeneic, 
or isogenic, the boundary 16 possesses an uhimate strength value that is suffi* 
5 cient to withstand, without rupture, the growth of new vascular structures, the 
growth of new cells within the chamber 12, and other physiological stresses close 
to the host tissue. Keeping the boundary 16 secure assures isolation of the 
implanted cells from both the immunogenic factors and inflammatoiy cells of the 
host. 

10 These physiological stresses are caused when the host moves about in 

carrying out its nonnal life functions. The proliferation of implanted cells and the 
growth of vascular structures also contributes to the physiological stresses close 
to the boundary 16. The stresses challenge the physical integrity of the boundary 
16 by stretching or otherwise deforming it. Absent a suflSdent ultimate strength 

15 value, normal physiological stresses can rupture the boundary 16, exposing the 
implanted cells to the full effect of the host's immune and inflamnmtory systems. 

The inventors presently believe that ultimate strength values sufBdent to 
withstand physolo^cal stresses dose to the host tissue without rupture in animals 
lie above about 100 pounds per square inch (PSl). The ultimate strength values 

20 are determined by measuring the tensile strength of the material. Tensile strength 
is measured by ASTM D-412. 

Also regardless of the type of implanted cell, the boundary 16 must 
possess a permeability profile that sustains a flux of nutrients into the chamber 12 
and waste products from the chamber 12 sufiident to sustain the viability of the 

25 implanted cells. 

Regardless of the particular mechanical configuration of the assembly 10 
and 10*, in the illustrated and preferred embodiment (which Figs. 3 and 3 A best 
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showX the permeable boundary 16 comprises a first permeable region 18, a 
second permeable region 20, and a third region 22 between the first and second 
r^ons 1 8 and 20. According to one aspect of the invention, the third re^on 22 
is forn)ed-tn*pIace between the other regions 18 and 20, creating a robust, 
5 integrated boundary 16. Furthermore, the parameters for manufacturing the 
formed-in-place integrated, three-re^'on boundary 16 can also be controlled to 
provide the permeability profile required to sustain allografts and isografts. As 
will be pointed out later, Hgs. 3/3 A/B and 9 to 11 exaggerate the relative 
proportions of the various regions 1 8, 20, and 22 for the sake of illustration. Fig. 

10 12 is an actual micrograph of a formed-in-place laminated structure that embodies 
the features of the invention, wluch more accurately shows the relative 
proportions of the various layers 18, 20, and 22 in a preferred implementation. 

The assembly 10* shown in Figs. 2A and 3A/B represents a preferred 
embodiment because of the presence of a port member 15, which provides means 

15 for accessing the interior chamber 12. An elongated flexible tube 17 extends 
from the port member IS, through which a syringe can be inserted to place cells 
in the chamber 12, dther before implantation, or after implantation, or to recharge 
the chamber 12 during implantation. Further details of the construction of the 
assembly 10' are found in copending U.S. Application Serial No. 08/179,860, 

20 filed January II, 1994. 

In the illustrated and preferred embodiment, each assembly 10 10* also 
mdudes written instructions 1 1 (see Fig. 1) that teach the enclosure of living cells 
within the chamber 12 and the implantation of the chamber 12 with enclosed 
living cells in host tissue. Exemplary procedures for preparing the device for 

25 implanting and for implanting the device with li\dng cells in host tissue are set 
forth in Section in(c) of this Specification. 
A. The First Permeable Region 
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The first permeable region 18 immediately surrounds the chamber 12 
containing the implanted cells 14. The first region 18 possesses multiple 
characteristics. 

Regardless of the type of implanted cell 14 Q.e., xenogeneic, allogeneic, 
5 or isogeneic), the first re^on 18 has a pore ^ suffident to block penetration 
into the himen of the chamber 12 by host cells. This penetration breaches the in- 
tegrity of the boundaiy 16, exposing the implanted cells 14 to the complete im- 
mune response of the host. Generally speaking, pore sizes less than about 2 pm 
Ci.e., 2 micrometers) ynll block the ingress of vascular structures. As used in this 

10 Specification, "pore size** refers to the maximum pore ^e of the material. The 
practitioner determines pore size using conventional bubble point methodology, 
as described in Pharmaceutical Technology, May 1983, pages 36 to 42. 

When the implanted cells are fi-om the same animal species but have a 
different genetic make up (i e., allografts), the pore size of the first re^on 18 

15 usually must be sufiBcient to prevent the passage of inflammatory cells fi-om the 
host into the implant cell chamber. In allografts, molecular immunogenic factors 
do not seem to adversely affect the viability of the implanted cells. Still, some 
degree of tissue matching may be required for complete protection. Pore sizes suf- 
fident to block passage of inflammatory cells in humans lie in the range of below 

20 about 0.6 micrometers. These pore sizes, too, are impermeable to vascular 
structures. As used in this Specification, "inflammatory cells" include 
macrophages, fordgn body giant cells, and fibroblasts, and ''molecular im- 
munogenic factors" refers to molecules such as antibodies and complement. 

When the implanted cells are isografts (autologous implants of genetically 

25 engineered cells), the pore ^e must be sufficient only to prevent the isografts 
fi'om exiting the chamber 12, which also prevents ingress of vascular structures 
in the chamber 12. 
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In a preferred embodiment, a permeable PTFE membrane material having 
a thickness of about 25 microns and a maximum pore size of about .4 micron is 
selected for the first region 18. This material is commercially available fi-om 
Millipore Corporation under the tradename Biopore™. This material has a 
5 tluckness of about 25 microns and an ultimate (tensile) strength value of at least 
3700 PSI» which is well above the desired minimum value. The selected material 
has a maximum pore size of .35 microns, which blocks the passage of inflam- 
matory cells. 

It should be appreciated that other, comparable materials can meet the 
10 stated requirements for the first region 18. For example, polyethylene, 
polypropylene, cellulose acetate, cellulose nitrate, polycarbonate, polyester, ny* 
Ion, and polysulfone materials, cellulose, polyvinylidene difiuoride, acrylic, sil- 
icone, and polyacrylonitrile can be used. 

B. The Second Permeable Region 
15 The second permeable repon 20 of the boundary overlies at least a portion 

of the first region 18. The second region 20 constitutes an interface with host 
tissue. 

In the illustrated and preferred embodiment, the second region 20 has an 
architecture that promotes the growth of vascular structures in host tissue near the 
2 0 interface. Preferably, at least some of the near vascular structures lie within one 
cell thickness of the interface. 

It is through the second region 20 that the permeable boundary 16 
associates itself with the host's biological system closely enough to transfer 
nutrients and wastes in support of the biological processes of the implanted cells 
25 14. The permeable boundary 1 6 also transfers the therapeutic products generated 
by the implanted cells 14 to the host. 

Vascularization near the host tissue-boundary interface occurs if the three 
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dimensional confonnation of second region 20 promotes certain host 
inflammatory cell behavior. Brauker et al. have demonstrated that membranes 
that did have near vascular structures allowed cellular penetration and had pores 
that were formed by membrane structures (strands or fibers) vA(ti a diameter of 
5 less than S\im, ^ereas membranes that did not develop dose vascular structures 
had cavities with "plate-like" qualities, having diameters greater than Spm. 
Histological examination of the vascularizing membranes revealed that the 
invading cells bad a rounded morphology, while the cells were flattened in the 
membranes that did not have close vascular structures. The cells appear to be 

10 "trapped" and not allowed to flatten on any surface, which apparently causes the 
more rounded morphology of the cells which infiltrate the vascularizing 
membranes. The hypothesis is that the membrane architecture dictates cellular 
morphology, and the rounded cells in turn secrete some, as yet imknown, trophic 
factors which promote the formation of vascular structures. 

15 Accordingly, the material for the second region 20 is a polymer membrane 

having an average nominal pore size of approximately 0.6 to about 20 /^m, using 
conventional methods for determination of pore size in the trade. Preferably, at 
least approximately 50% of the pores of the membrane have an average size of 
approximately 0.6 to about 20 ^m. 

2 0 The structural elements which provide the three dimensional conformation 

may include fibers, strands, globules, cones or rods of amorphous or uniform 
geometry which are smooth or rough. These elements, referred to generally as 
"strands," have in general one dimension larger than the other two and the smaller 
dimensions do not exceed five microns. 

25 In one arrangement, the material consists of strands that define "apertures" 

formed by a fi^e of the interconnected strands. The apertures have an average 
aze of no more than about 20 ^m in any but the longest dimension. The apertures 
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of the material fonn a framework of interconnected apertures^ defining '*ca\ities'' 
that are no greater than an average of about 20 txm in any but the longest 
dimendon. 

In this arrangement^ the material for the second region 20 has at least some 
5 apertures having a sufifident ^e to allow at least some vascular structures to be 
created within the cavities. At least some of these apertures, while allo^dng 
vascular structures to form ^thin the cavities, prevent connective tissue from 
fonning therein because of size restrictions. 

Further detaOs of the material are set forth in copending U.S. Application 
10 Serial No. 08/210,068 entitled "Close Vascularization Implant Material" filed 
March 17, 1994, which is incorporated into this Specification by reference. 

In a preferred implementation, the second region 20 comprises a mem* 
brane material made by W. L. Gore and Assodates (Elkton, Maryland) under the 
trade name Gore-Tcx™. The Gore-Tcx™ material comprises a microporous mem- 
15 brane made from PTFE. The membrane is IS nucrons thick and has a pore size 
of 5 microns. 

In another embodiment (not shown), the second region 20 comprises a 
permeable membrane structure formed with multiple microfabricated layers of 
polymer film made, for example, from photoimageable polyimide material. The 

20 film is processed, using either negative photoresist techmques or etchable 
membrane &brication techmques, to create predefined geometric patterns of holes 
and intermediate spaces defining strands. The geometric patterns alternate 
between film layers from smaller, more closely spaced hole patterns (wth cross 
hole dimensions equal to or less than about 20 \im and strand dimensions 

25 typicaUy about 2-3 pm) to larger holes with less dosely spaced patterns (with 
cross hole dimensions exceeding 20ftm and upwards to about SO^xm and strand 
dimenaons typically about 4-5pm). The stacking of different geometric patterns 
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creates an open, permeable membrane structure having randomly positioned, 
interconnected cavities with minimum interior dimensions greater than about S 
pm formed by interconnected stands with minimum dimensions less than about 
5 Jim, 

5 Further details of this construction are described in copending U.S. 

/4>pIication Serial No. 08/320,199 entitled "Porous Microfabricated Polymer 
Membrane Structure" filed October 7, 1994, which is incorporated into this 
Specification by reference. 

C. The Third Region 

10 The third re^on 22 is located between the first and second re^^ons 18 and 

20. According to the invention, the third region is formed-in-placc between the 
two other regions 18 and 20. As will be described in greater detail later, the 
fonned*in*place third region 22 can be manufactured fi'om natural or synthetic 
biocompatible polymers which, when cast, present a permeability and 

15 immunoisolation profile comparable to the first re^on 18. 

The preferred embodiment shows the penneable membrane structure 
being used in association with a chamber for implanting living cells. Still, it 
should be appreciated that the permeable structure embodying the features of the 
invention can be used in association with other implanted objects, like catheters, 

20 biosensing devices, and the like, which can be carried within the permeable 
boundary 16 in generally the same fashion as the living cells shown in the 
drawings. 

IL Manyfacturt gf the PcmtaMc boundary 

The permeable boundaiy 16 fimctions as a synthetic membrane between 
25 host tissue and the cells 14 contained in the chamber 12. With a concentration 
gradient as the driving force, the boundary membrane permits the seleaive 
transport of certain molecular solutes between host tissue and the cells 14, while 
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blocking the tnmsport of other molecular solutes. The nature of the transport and 
blockage functions depends on prescribed, discriminating interactions between 
the physical configuration of the membrane and the physical configuration of the 
transported material. For synthetic membranes these interactions are based for the 
5 most part on the size of the transported material relative to the size and 
distribution of the passageways or pores within the membrane. In synthetic 
membranes, the ^ of the membrane pores often varies, sometimes over a broad 
range. In addition, the diSu^on process within the various membrane pores can 
be significantly hindered relative to that in fi-ee solution by interactions of the 
10 solute with the pore walls, even when the solute is several times smaller than the 
pore. 

The criteria in developing an immunoisolating membrane includes the 
creation of a structure for which 0) the largest pore will proUbit passage of a 
defined type or types of solute, and the distribution of pore size has a mean 

15 sufficiently close to the maximum pore size so that the diffusion of the desired 
small solutes is not overiy hindered by a large population of very small pores. 

The third region 22 is made by a process of controlled phase change, 
called "casting " in which the membrane material, a high molecular weight 
synthetic polymer, is first dissolved in a solvent, then applied upon the either one 

2 0 of the first or second permeable region 1 8 or 20, with the other permeable region 
then laid on top, and then exposed to conditions which cause the material to 
precipitate fi^om solution in a macroscopically continuous phase on the tlurd 
re^on 22. Careful selection and control of membrane material, solvent system, 
concentration, and phase inversion conditions determine the final membrane 

25 micro-architecture and permeability. 

The polymer material for the tlurd region 22 can comprise a natural or 
synthetic polymer selected based upon considerations that include its 
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biocompatibility, hs ease of fabrication, its ability to consistently form 
predictable, identifiable geometries and distributions, its chenucal inertness, and 
its strong mechanical properties. For example, poly(ethylene-co-vin^ alcohol) 
^VOH) is a polymer that meets the above criteria. However, it should be 
5 appreciated that other natural and synthetic polymers, for example, cellulose 
acetate (CA), poIy(vinylidene difluoride) (PVDF). and ethyl vinyl alcohol (EVA) 
meet these criteria, as well, as do silicone, ceranuc materials, and other elastomer 
and thermoplastic materials. 

Figs. 4 to 11 show the steps in the casting process performed in 

10 accordance with the invention. These steps are performed, regardless of the 
particular polymer selected. 

The membrane casting process is preferably carried out in an enclosed 
casting chamber 24 (see Fig. 4) beneath a standard laboratory fume hood. The 
casting chamber 24 pemuts the continuous flow of filtered ur over the casting 

15 area. 

Present within the casting chamber 24 (see Fig. S) are a casting plate 26, 
a casting blade 28, a syringe 30 containing dissolved polymer dope, a quenching 
bath 32, and a rinsing bath 34. The first and second membrane regions 18 and 20 
are also handled within the casting chamber 24. 

20 The casting plate 26 is preferably polished stainless steel, but it can also 

be mirror glass. Its dimensions can vary. In one representative embodiment, the 
casting plate 26 including an associated stretching fi-ame) measures 6.4 inch by 
10.1 inch, with a thickness of about 0.25 inch. 

The plate 26 is cleaned, either with Contrad 70 (Curtin-Matheson 

25 Scientific) for steel or Chromerge (Mallinckrodt) for glass, rinsed thoroughly, 
dried in open air, flushed with filtered air, and then placed immediately into the 
casting chamber 24. 
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Referring now to Figs. 5 and 6, the second penneable region 20 (for 
example, the GORE-TEX™ material described above) is peripherally secured to 
the casting plate 26 ^thin the casting chamber 24, using tape 36, adhesive, or 
both. The side of the re^on 20 which, when implanted, faces implanted host 
5 tissue lies face down on the casting plate 26. It is important that the second 
region 20 lays in intimate surface contact against the entire casting plate 26, and 
that the region 20 is free of wrinkles. In this regard, it may be necessary to first 
stretch the re^on 20 on a stretching frame (not shown) before placing it on the 
plate 26. The casting plate 26 may also be made with a slightly convex surface 

10 to assure intimate surface contact, particulariy between the midportion of the plate 
26 and the second region 20. 

The syringe 30 contdns the polymer material selected for the third region 
22, which is dissolved in dope form in a selected solvent. The details of the 
dissolution process ^^11 vary according to the polymer used. 

15 For example, EVOH is available in various molecular weights and 

monomer ratios from EVAL Company of America. The E^series material, 
containing 44 mole % ethylene, is used ; however, other mole % ethylene EVOH 
materials can be used. To make a suitable batch, a desired weight percent of the 
EVOH material is weighed out into a small bottle. A desired weight percent of 

2 0 polyvii^pyrrolidone (PVP) is added to achieve the desired viscosity. An organic 
solvent like dimethylsulfoxide (DMSO) is added to make up the renuuning 
weight percent. The solids are allowed to dissolve as the bottle is rotated at room 
temperature. Rotation assures proper adhesive dissolution and uniformity. The 
bottle is rotated until all solids are dissolved, typically up to 20 hours. 

2 5 Concentrations of from about 3 wt% to 8 wt % EVOH and from 2 wt% to 8 wt% 
PVP are recommended to serve as the formed-in-place third region 22. Other 
higher or lower weight percentages can be used, depending upon processing 
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conditions. After complete dissolution, the solution is cooled and pressure filtered 
prior to use. 

After dissolution, the polymer dope is drawn up into the syringe 30 (which 
can be a 5 cc polypropylene syringe manufactured by Becton-Dickinson). The 
5 syringe 30 is capped, flushed with filtered air, and quickly placed in the casting 
chamber 24. 

As Rg. 7 shows, within the casting chamber 24, the polymer dope is 
manually dispensed fi-om the syringe 30 in an elongated bead 38 (typically about 
Vft-inch in diameter, or about 1 to 2 cc) along the upper portion of the second 

10 region 20 on the casting plate 26. As Fig. 8 shows, the dope bead 38 is then 
spread out or "drawn down** over the surface of the second region 20 by slowly 
drag^ng the casting blade 28 along the length of the plate 26 at a steady rate of 
about 10 to 20 inches per minute. 

The thickness of the dope drawn down on the second region 20 depends 

15 upon the size of the gap that separates the edge of the casting blade 28 fi-om the 
exposed surface of the second region 20. The size of the gap can vary between 
depending upon the polymer used and the thickness desired. Using EVOH 
polymer dope, a gap of between 1.0 to 5.0 mil is recommended. 

It is dedrable that a portion of the polymer dope actually penetrates the 

2 0 sur&ce of the second repon 20 to some extent. This penetration fiirther enhances 
the presence of a secure, phyiacal bond to hold the first and second regions 18 and 
20 together. Depending upon the surface tension characteristics of the second 
re^on 20 and the cast polymer used, it may be necessary to pretreat the second 
r^on 20 with a water soluble surfactant like FCM3S, Pluronic, or Triton XI 00, 

25 before ^plying the dope bead. Other fluorosurfactants can be used. The 
pretreatment controls the adhesion and depth of penetration of the drawn*down 
dope by altering the hydrophiiity of the second region 20. For example, 
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prctrcating the PITE sur&ce of a GORE-TEX material with a 0.1% to 0.2% FC- 
135 solution can be accomplished before casting wth an EVOH polymer, 
although it is believed that such pretreatment is not critical to the overall process 
when using an EVOH polymer. 
5 The deared degree of penetration can be controlled by balancing between 

,the viscosity of the polymer dope (controlled by adding PVP) and the surface 
characteristics of the second region 20 (controlled by using surfactant and the 
like). 

As Rg, 9 shows, once the polymer dope has been drawn down along the 

10 entire second region 20, the first region 18 (for example, the BIOPORE™ 
material described above) is laid upon the casting plate 26 in intimate contact ^th 
the drawn-out dope polymer regjon 22. The drawn down dope polymer region 22 
will tend to stick immediately upon contact with the first region 18. For this 
reason, it is recommended that a plastic film (such as PP2S00 transparent film 

15 sold by 3M) be laid on top of the first region 18, so that a smooth, consistent 
pressure against the first re^on 18 can be applied, starting with initial contact at 
the center and woridng from there outward. As the entire first region 1 8 is wetted 
out in the dope polymer, the plastic film can be removed. 

Once the tri-layer lanunate 40 is assembled on the casting plate 26 (as Fig. 

20 10 shows), the casting plate 26 is lifted and slid smoothly into the quenching bath 
32. The contents of the quenching bath 32 will vary according to the polymer 
used. For EVOH polymer, the quenching bath 32 can comprise ethanol (EtOH), 
or reagent alcohol (RA), or water ^0), or mixtures of water and DM SO (the 
recommended ratio bdng 75% 1120 and 25% DMSO). Other solvent systems can 

25 be used. The quenching bath 32 is preferably maintained at a temperature of 
between 20^ C and 25*^C when EVOH polymers are being cast. Depending upon 
the solvent system and the permeability desired, the temperature range can vary. 
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The EVOH polymer is insoluble in the quenching bath 32, whereas the 
PVP, organic solvent, and penetrating agents like surfactant are all soluble in the 
bath 32. The permeable structure of the third region 22 thus forms in the 
quenching bath 31 The bond between the third re^on 22 and the first and second 
5 r^ons 18 and 20 also forms in the quenching bath 32. The penneable structures 
prepared fi'om the polymer solutions, as above described, can be broadly 
dasafied as hydrogds in the sense that, in the presence of water, they form highly 
solvated, three dimensional, permeable networks with local regions of dose 
molecular association which provide strength to the network. 

10 After a prescribed period of time (usually at least 30 minutes), the plate 

26 and tri-layer cast laminate 40 are removed as a unit fi'om the quenching bath 
32. The tri-layer cast laminate 40 is gently removed fi'om the casting plate 26, 
as Fig. 1 1 shows. It is then allowed to float fi'eely in a water wash bath 34 for a 
prescribed period of time (usually for 20 to 24 hours) to remove fillers, orgaiuc 

15 solvents, and penetrating agents. The temperature of the wash bath 34 is 
maintained at a temperature of about 37*0, however other temperatures can be 
used. 

After washing, the tri-layer cast lanunate structure 40 is carefully laid out 
and allowed to dry, at least overnight, before testing or use. 
20 It should be appreciation that alternative methods could be used to apply 

the polymer dope. 

In one alternative process (not shown), the dope bead 38 can be ^>plied 
and drawn down directly on the first region 1 8 using the casting blade 28, and the 
second re^on 20 laid on top. The tri-layer structure 40 is then placed in the 
25 quenching bath 32, as previously described, followed by the subsequent water 
bath 34, and drying, also as previously described. 

In another alternative process (also not shown), the polymer dope can be 
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applied without using a casting blade. In this process, a screen or template can 
be dipped in the polymer dope material and then laid upon the second re^on 20. 
The dipped screen deposits a predetermined pattern of the polymer dope on the 
surfiice of the second re^on 20, which remains upon removal of the screen. The 
5 first re^on 18 is then laid on top of the polymer dope pattern. The resulting tri- 
layer structure 40 is then placed in the quenching bath 32, as previously 
described, followed by the subsequent water bath 34, and drying, also as 
pre^aou5ly described. 

It should also be appreciated that, by controlling the viscosity of the 

10 polymer dope (controlled by adding PVP) and the surface characteristics of the 
second region 20 (controlled by using surfactant and the like), as previously 
described, the polymer dope can be made to actually penetrate deeper into the 
permeable second region 20 (see Fig. 17). Subsequent quenching, as already 
described, creates a formed-in-place permeable region 22* located ^thin the 

15 second region 20 (as Fig. 17 shows). The sub-surface region 22' can itself serve 
as an immunoisolation barrier imbedded within the permeable region 20, without 
the addition of the first region 18 or its equivalent. Alternatively (as Fig. 17 
shows), the first region 18 or it eqivalent can also be affixed to the surface of the 
second re^on 20, this time using a formed-in-place region 22 to laminate the first 

2 0 and second re^ons 1 8 and 20 together, or by some other lamination method. 

The formed-in*place re^on can be located either on the surface of the 
second region 20 (as re^on 22), v^ere it serves also to bond the 
immunoisolation first region 18, or within the second region 20 (as region 22) 
spdced away fit>m the first region 18. By tailoring the permeability of the formed* 

25 in-place regions 22 and 22' to block penetration of host inflanunatory cells, the 
invention makes possible the creation of a redundant immunoisolation barrier 45, 
comprising multiple immunoisolation re^ons or layers 18, 22', and (optionally) 
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22. It should also be appredation that the barrier 16 shown in Figs. 3 and 3B can 
also include redundant inununoisolation barriers, if the region 22, like the region 
18, has a conformation that substantially blocks penetration of host inflanunatory 
ceDs. The regjon 22 backs up the immunoisolation function of the first region 18, 
5 and vice versa, in case of a manufacturing problem, failure due to handling, or 
wMle implanted. The invention therefore makes possible a redundant 
immunoisolation function without adversely affecting the overall permeability of 
the overall permeable structure. 

m. Charflctgri7inf the Cast Laminfltcd Structure 

10 A. Morphology 

Fig. 12 shows an actual micrograph of a representative tri-layer cast 
bminate 40 made according to the above-described process, examined using FE 
LVSEM analysis. The laminate 40 comprises 5 jim GORE-TEX ™ material as 
the second region 20; 0.4(im BIOPORE ™ PTFE material as the first region 18; 

15 and a formed-in-place polymer comprising EVOH (3 wt% EVOH; 2% PVP; 
quenched in 100% ethanol) as the third region 22. Analysis reveals that the 
fomied-in-placeEVOH layer 22 typically ranges fi-om approximately 0.1 to 1.25 
|im in thickness, but can be as much as 200 (it should thus be appreciated that 
preceding Figs. 3 and 9 to 1 1 exaggerate the relative proportions of the various 

20 regions 18, 20, and 22 for the sake of illustration). As Fig. 12 shows, the cast 
EVOH layer 22 is typicaUy also in substantially continuous, intimate contact wih 
both the first and second regions 18 and 20, and is sometimes observed to 
penetrate into both fadng first and second regions 1 8 and 20 to a depth of several 
micrometers. 

25 B. Permeability 

Stirred difiusion cell and multi-sohite permeability testing further reveals 
that the presence of the continuous formed-in-place layer 22 does not significantly 
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reduce the overall penneability of the laminate to Tryptophan (Sigma T-02S4) 
(0.5 mg/ml), Molecular Weight 204.2 D ;Vitamin B„ (Sigma V-2876) (1.5 
mg/mIX Molecular Weight 1355 d; Myoglobin (Sigma M-0630) (6 mg/ml), 
Molecular Weight 17,000 d; Albumin (Sigma A-8022) (22 mg/ml), Molecular 
5 Weight 65,000 d; and IgG (Sigma 1-5506) (25 mg/ml), Molecular Weight 160,000 
d. 

The following table lists the penneabilities of laminates of 0.4 pm 
BIOPORE PTFE material (abbreviated B in the Table) (comprising the first 
r^on 1 8); a variety of EVOH fonned-in-place polymers ranging between 3 wt% 

10 and 8% EVOH, blade gaps of 1.4 mil/2.8 mil/4.2 nul, and quenching baths 
comprising either EtOH or water (H20) (comprising the third region 22) 
(designated E-EtOH or E-H20, depending upon the quenching bath); and 3 pm 
or 5pm GORE-TEX™ materials (abbreviated G5 or G3) (comprising the second 
rcpon 20). The control lanunate comprised 0.4 pm BIOPORE ™ PTFE material 

15 laminated to 5pm GORE-TEX^ material u^gEVA strands, as disclosed in U.S. 
Patent 5,344,454. Permeabilities are express in terms of cm/sec x 10^. Sample 
size is abbreviated S(n). 
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TABLE 1 

Permeability of Cut Laminated Structures 
(Alt values are x Iff em/see) 



Lanunate 


L- 

Tryp 




Myo 


Alb 


IgG 


Control (SI) 


NA 


1.59 


0.56 


0.31 


0.22 


B/E- 


3.26 


1.83 


0.64 


0.35 


0.24 


EtOH/SG 




± 


± 


± 


± 


(S52) 


0.53 


0.27 


0.09 


0.07 


0.06 


B/E-H20/G5 


3.40 


1.80 


0.59 


0.30 


0.21 


(S12) 


± 


db 


± 


± 


± 




0.16 


0.13 


0.04 


0.03 


0.03 



Fig. 13 is a log-graph that compares the permeability over a range of 
molecular weight solutes of the various cast laminates to the control and to 100 

15 ^m water. Fig. 13 demonstrates that the cast tri-Iayer laminates made according 
to the invention are comparable to the control, which is known to possesses a 
range of penneabilities suited for at least allografts and isografts. Fig. 13 also 
demonstrates that the presence of the third region to bond the first and second 
regions together, does not significantly alter the permeability characteristics of the 

2 0 overall compo^te structure* In fact. Table 1 demonstrates that using the fonned- 
in-place region, establishing intimate surface contact with the other r^ons, 
actually improves the permeability, compared to u»ng EVA strands as the 
bonding agent Q.t., the control material). 

Although the actual permeability of the formed^n-place layer 22, k^^j, 

25 cannot be measured directly, it can be estimated from the independently measured 
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penneabilities of the adjacent layers 18 and 20 using the series mass transfer 
relationship: 

1 , 1 _ 1 _ 1 

^©.22 ^av40 %ie '^«,20 

v^^ere k^^g^ k^it. and k;^ are, respectively, the permeabilities of the laminate 40, 
the second repon 18, and the first re^on 20. Using an average vitamin Bjj value 
fi^om Table 1 of L82 x 10^ cm/sec for and values for Js^j, and }^ of, 
respectively, 4.65 x 10"* cnt/sec and 3.75 x 10* cm/sec (obtained fi^om separate 
studies), k^5j is found to be 14.8 x 10^ cm/sec, over eight times the pcnneability 
of the entire lanunate 40. 

C Implantation Studies 

Laminate 40 were formed using the above described methodology 
comprising 0.4 \xm BIOPORE™ PTFE material as the first re^on 18; a cast-in- 
place third repon 22 compriang 3 wt% EVOH, 8 wt% PVP, 2% surfactant, cast 
udng a 2.8 mil blade gap; and 5^m GORE-TEX^ material as the second region 
20. The foUowing Table 2 lists the permeability of the laminate 40 (sbc samples). 

TABLE 2 



Permeability of Implanted Cast Laminate 
(All values arex KT^ em/sec) 



L-Tip 


B„ 


Myo 


Alb 


IgG 


2.7612 ± 
0.2692 


1.3588 :fc 
0.0778 


0.2690^ 
0.0340 


0.0624 ± 
0.0166 


0.0335 :fc 
0.0131 



The six samples were formed into six ported devices of the 
configuration shown in Ftgs.2A and 3 A/B, each having a 20 ^1 chamber for 
implanting living cells in host tissue. Ported devices were also made with the 
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control membrane described above in connection with Table 1. The ported 
devices were assembled and sterilized with an overnight soak in 70% ethanol. 

A first group of the dcwces made with the laminate 40 were implanted 
in the cpididymal fat pads of Lewis rats, as were comparable dc\accs made 
5 with the control membrane. In this group, the chambers were empty. This 
group will be called Group 1. 

A second group of the devices made with the laminate 40 were 
implanted in cpididymal fat pads of Lewis rats, as were comparable devices 
made wth the control membrane. In this group, the chambers were filled via 
10 the port 15 vwth the same human fibroblast cell line. This group will be called 
Group 2, which comprised xenografts. 

A third group of the devices made with the laminate 40 were 
implanted in cpididymal fat pads of athymic (immune compromised) rats, as 
were comparable devices made with the control membrane. In this group, the 
15 dumbers were filled via the port IS vAth the same human fibroblast cell line. 
This group will be called Group 3. 

The implants were removed after three weeks. Explanted devices were 
prepared for histology by standard methods and stained wth hematoxylin and 
eosin. Sections were scored by three criteria: 
20 (0 Tissue Survival within the Device (Tissue Score) (1 «= no survival to 

6 » healthy, well differentiated epithelial tissue). 

(li) Host Response Outside the Device (Host Reaction) (1 « low level 
reaction to 6 » high reaction, macrophages and lymphocytes and plasma cells). 
(m) Membrane Delamination O^elamination), derived by measuring, 
25 for each device, the total linear distance about the midsection of each device 
pTOT) and the linear distance in which the first and second regions of the 
assodated membrane were separated by more than one cell layer (about IS 
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)im) (DSEP). Delamination is expressed as a percentage by dividing DSEP by 
DTOT. 

The folIo>;^ng Table 3 lists the histology results. 

TABLES 

5 Histology Results 



Device 


Tissue Score 


Host Reaction 


Delamination 


Group 1 Control 


NA 


1.9 ±0.5 


20.9 ±7J 


Group 1 Cast 


NA 


2.0 ±0.4 


4.9 ±0.9 










Group 2 Control 


2.0:1:0.0 


5.8 ± 0.5 


32.3 ±11.5 


Group 2 Cast 


1.0 ±0.0 


4.4 ±0.2 


6.2 ± 3.2 










Group 3 Control 


4.0 ±0.0 


2.2 ±0.3 


13.7 ±5.8 


Group 3 Cast 


4.0 ±0.0 


2.1 ±0.2 


6.8 ±4.3 



15 

The Group 1 and Group 2 and Group 3 results all demonstrate that the 
host reaction to the cast laminate material is comparable to the host reaction to 
the control ntaterial, ^ther ^thout living cells and with living cells. The 
presence of the laminate region 22 does not itself create an added host 

20 response. 

The Group 3 result demonstrates that the tissue scores for the cast 
laminate material are also comparable to the tissue scores for the control 
material. The presence of the laminate region does not effect the ability of the 
device to sustain living cells in host tissue. 

25 The Group 1 and Group 2 and Group 3 results all demonstrate the 

superior resistance that the cast laminate material has to delamination, 
compared to the control membrane. Even in the presence of a strong host 
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response (Group 2 xenografts), the cast laminate significantly reduced the 
incidence of deIanunation» compared to the control membrane. 

Fig. 14 is an actual nucrograph of a tri-layer cast laminate 40 made 
according to the invention after 10 weeks of implantation (without living cells) 
5 in a dog. Fig. IS is a micrograph of the control membrane after 10 weeks of 
implantation (without living cells) in a dog. Fig. 14 shows the absence of 
ddamination of the tri-layer cast structure, while Fig. IS shows the presence of 
ddanunation in the control membrane structure, the area of delammation being 
indicated by the letter D in Fig. 15. The cause of the delamination in Fig. 15 is 
10 the infiltration of host cells Ondicated by the letter C in Fig. 1 5) between the 
first and second re^ons 18 and 20. Fig. 14 shows that the robust, integrated 
nature of the tri-layer cast laminated structure resists cellular infiltration into 
the formed-in-place third region, thereby preventing delamination of the 
overall boundary. 

15 Fig. 16 is an actual micrograph of a tri-layer cast laminate 40 made 

according to the invention after 3 weeks of implantation (without living lung 
tissue cells 14) in a rat. Like Fig. 14, Fig. 16 shows that the robust, integrated 
nature of the tri-layer cast laminated structure resists cellular infiltration into 
the formed-in-place third re^on, thereby preventing delamination of the 

20 overall boundary. 

The demonstrated ability of tlurd re^on 22 to resist delamination is not 
necessarily related to having an inherently high mechanical peel strength. The 
inventors have observed that host cells, once able to enter into a discontinuous 
space between the first and second regions 18 and 20, proceed to tear the first 

25 and second re^ons 18 and 20 apart (as Eg. 15 shows), even in the presence of 
a laminating material lending a lugh peel strength. The inventors believe that 
the third region 22 resists delamination because of its substantially formed-in» 
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place, continuous configuration between the first and second regions 18 and 20 
(as Figs. 14 and 16 show). This configuration eliminates the presence of 
spaces and discontinuities between the first and second re^ons 18 and 20. As 
a result, the infiltration of host cells is considerably reduced. The formed-in- 
5 place laminate thus resists delamination, even should it not possess a high 
mechanical peel strength. 

Various features of the invention are set forth in the following claims. 
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We aaim: 

1 . A pcnneable structure fonning a chamber to hold living cells, 
the structure including a first permeable region surrounding at least a portion 
of the chamber having a confonnation that, when implanted in host tissue, 
5 substantially blocks penetration of host cells into the chamber while 

permitting solute transport, a second permeable region overlying the first 
permeable re^on having a conformation that, when implanted in host tissue, 
forms a permeable interface with host tissue that permits solute transport, and a 
third permeable re^on between the first and second permeable regions 
10 compriang a solution of polymer material formed in place between the first 

and second permeable regions, the third permeable region bonding the first and 
second permeable regions together and having a conformation that, when 
implanted in host tissue, permits solute transport between the first and second 
permeable re^ons. 

15 2. A permeable structure forming a chamber to hold living cells, 

the structure including a first permeable region surrounding at least a portion 
of the chamber having a conformation that, when implanted in host tissue, 
substantially blocks penetration of host cells into the chamber while pernutting 
solute transport, a second permeable re^on overlying the first permeable 

2 0 re^on having a conformation that, when implanted in host tissue, forms a 
permeable interface with host tissue that promotes the growth of vascular 
structures near the permeable interface while permitting solute transport, and a 
third permeable region between the first and second permeable re^ons 
comprising a solution of polymer material formed in place between the first 

25 and second permeable re^ons, the third permeable region bonding the first and 
second permeable regions together and having a conformation that, when 
implanted in host tissue permits solute transport between the first and second 
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permeable regions. 

3. A permeable structure fonning a chamber to hold living cells, 
the structure including a first permeable region surrounding at least a portion 
of the chamber having a conformation that» when implanted in host tissue, 
substantially blocks penetration of host cells into the chamber while permitting 
sohite transport, a second permeable repon overl^g the first permeable 
re^on having a conformation that, when implanted in host tissue, forms a 
permeable interface with host tissue that permits solute transport, the second 
permeable region comprising an array of three dimensional strands ha%dng one 
dimension larger than the other two and, for the majority of strands, neither of 
the smaller dimensions exceeds about 5 ^m, and a third permeable region 
between the first and second permeable regions comprising a solution of 
polymer material formed in place between the first and second permeable 
re^ons, the third permeable region bonding the first and second permeable 
regions together and having a conformation that, when implanted in host 
tissue, permits solute transport between the first and second permeable re^ons. 

4. A permeable structure according to claim 1 or 2 or 3 wherein 
the conformation of the first permeable region, when implanted in host tissue, 
substantially blocks penetration of at least host tissue inflammatory cells into 
the chamber. 

5. A permeable structure according to claim 4 wherein the 
conformation of the third permeable region, when implanted In host tissue, 
substantially blocks penetration of at least host tissue inflammatory cells into 
the chamber. 

6. A permeable structure according to claim 1 or 2 or 3 wherein 
the third permeable region is in substantially continuous, intimate contact with 
the first and second permeable regions to substantially block infihration of host 
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cells between the first and second permeable re^ons. 

7. A permeable structure according to claim 1 or 2 or 3 wherdn 
the third permeable regjon penetrates at least partially into at least one of the 
first and second permeable regions. 
5 8. A permeable structure according to claim 1 or 2 or 3 wherein 

the thu-d permeable re^on has a thickness of between about 0.1 fim and 20 
pm. 

9. A permeable structure according to claim 1 or 2 or 3 wherein 
the polymer material of the third permeable region is selected firom a group 

10 consisting essentially of poly(ethylene-co-vinyl alcohol)» cellulose acetate, and 
poly(vinylidene difluoride). 

10. A permeable structure according to claim 1 or 2 or 3 wherein 
the polymer material of the third penmeable region comprises poly(ethylene- 
co-vinyl alcohol). 

15 1 1.. A permeable structure according to claim 10 wherein the 

polymer material of the thbd penmeable region comprises about 3% to about 
8% by wwght of poly(ethylcne-co-vinyl alcohol). 

12. A permeable structure according to claim 1 or 2 or 3 wherein 
the structure has a determmable first permeability value, wherein the third 

20 region has a determinable second permeability value, and wherdn the second 
permeability is at least twice the first permeability value. 

13. A permeable structure according to claim 1 or 2 or 3 and fiirther 
including living cells in the chamber. 

14. A permeable structure according to claim 13 wherdn the living 
25 cdls are allogeneic with respect to host tissue. 

15. A permeable structure according to claim 13 wherdn the living 
cells are isogeneic with respect to host tissue. 



16. A penncable structure according to claim 1 or 2 or 3 and further 
including instructions teaching enclosure of living cells within the chamber 

and implantation of the permeable structure >^th enclosed living cells in host 
tissue. 

17. A permeable structure forming a chamber to hold ii>ing cells, 
the structure including a permeable layer surrounding the chamber that, when 
implanted in host tissue, blocks contact between cells in the chamber and host 
cells while pemutting transport of solutes, the permeable layer including a first 
inununoisolation region having a conformation that, when implanted in host 
tissue, substantially blocks penetration of host inflammatory cells, and a 
second inununoisolation region distinct from the first region, the second region 
having a conformation that, when implanted in host tissue, also substantially 
blocks penetration of host inflammatory cells, the first and second regions 
being mutually arranged in the permeable layer to together provide a redundant 
inununoisolation barrier. 

18. A permeable structure according to claim 17 wherein the first 
and second inununoisolation regions contact each other in the layer. 

19. A permeable structure according to claim 17 wherein the first 
and second inununoisolation regions are spaced apart in the layer. 

20.. A permeable structure according to cl^m 17 wherein the first 
inununoisolation region is formed in place in contact with the second 
immunoisolation region. 

21. A permeable structure according to claim 17 wherein the first 
immunoisolation region is cast in contact with the second immunoisolation 
re^on and coagulated in place in contact with the second immunoisolation 
repon. 

22. A permeable structure forming a chamber to hold living cells. 
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the structure including a permeable membrane surrounding the chamber 
having a confonnation that, when implanted in host tissue, substantially blocks 
penetration of at least host inflammatoiy cells into the chamber while 
permitting solute transport, the permeable membrane having a surface, and an 
auxiliary permeable layer bonded in substantially continuous contact with the 
permeable membrane surface to substantially block infiltration of host cells 
between the auxiliary permeable layer and the permeable membrane surface, 
the auxiliary permeable layer having a conformation that, when implanted in 
host tissue, substantially blocks penetration of at least host inflanmiatory cells 
while permitting solute transport through the permeable membrane. 

23 . A permeable structure forming a chamber to hold living cells, 
the structure including a permeable membrane surrounding the chamber 
having a conformation that, when implanted in host tissue, substantially blocks 
penetration of at least host inflammatory cells into the chamber while 
permitting solute transport, the permeable membrane having a surface, and an 
auxiliary permeable layer comprising a solution of polymer material brought 
into contact with the permeable membrane surface and formed in place on the 
permeable membrane surface, the auxiliary permeable layer having a 
conformation that, when implanted in host tissue, substantially blocks 
penetration of at least host inflammatory cells while permitting solute transport 
through the permeable membrane. 

24. A permeable structure according to claim 23 wherein the 
auxiliary permeable layer is in substantially continuous, intimate contact with 
the permeable membrane sur&ce to substantially block infiltration of host 
cells between the auxiliary permeable layer and the permeable membrane 
surface. 

25. A permeable structure according to claim 22 or 23 wherein the 
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auxiliary permeable layer penetrates at least partially into the permeable 
membrane surface. 

26. A permeable structure according to daim 22 or 23 wherein the 
polymer material of the auxiliary permeable layer is selected from a group 
consisting essentially of poIy(ethylene-co-vinyI alcohol), cellulose acetate, and 
poly(vinylidene difluoride). 

27. A permeable structure according to claim 22 or 23 wherein the 
polymer material of the auxiliary permeable layer comprises poly(ethylene-co* 
vinyl alcohol). 

28. A permeable structure according to cl^m 27 wherein the 
polymer material of the auxiliary permeable layer comprises about 3% to about 
8% by weight of poly(ethylene-co*vinyl alcohol). 

29. A permeable structure according to claim 22 or 23 and further 
including li^dng cells in the chamber. 

30. A permeable structure according to daim 29 wherein the living 
cells are allogeneic with respect to host tissue. 

31. A permeable structure according to daim 29 wherein the living 
cells are isogeneic with respect to host tissue. 

32. A permeable structure according to claim 22 or 23 and further 
including instructions teaching enclosure of living cells within the chamber 
and implantation of the permeable structure with enclosed living cells in host 
tissue. 

33. A method for making a device for implanting in host tissue 
comprising the steps of 

providing a first permeable material having a surface, the first 
permeable material having a conformation that, when implanted in host tissue, 
substantially blocks penetration of host cells while permitting solute transport. 
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providing a second permeable material having a surface, the second 
permeable material having a conformation that, when implanted in host tissue, 
permits solute transport, 

applying a solution of polymer material in contact with the surface of 
5 one of the first and second permeable materials, 

placing the surfaces of the first and second permeable materials 
together with the pol>'mer material between them, 

forming the polymer material in place between the first and second 
permeable materials to bond the first and second permeable materials together, 
10 the polymer material, after fomung in place, having a permeable conformation 
that, when implanted in host tissue, permits solute transport between the first 
and second permeable materials, the first permeable material, the second 
permeable material, and the formed in place polymer material comprising an 
integrated membrane structure, and 
15 forming the integrated membrane structure into a device ^h the first 

permeable material endo^ng a chamber to hold living cells, the second 
permeable material positioned outside the chamber to form, when the device is 
implanted in host tissue, an interface with host tissue, and the formed in place 
polymer material positioned between the first and second permeable materials. 
20 34. A method according to claim 33 wherein, in the step of 

applying the solution of polymer material, the solution of polymer material is 
applied in contact substantially with the entirety of the surface of the one 
permeable material. 

35. A method according to claim 33 and fiirther including the step 
25 of treating the surface of at least one of the first and second permeable 
nuiterials before the step of placing the surfaces of the first and second 
permeable materials together ^th the polymer material between them, to alter 
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surface characteristics and thereby promote penetration of the polymer 
material into the at least one first and second permeable materials. 

36. A method according to claim 33 wherrin the step of applying 
includes the step of creating the polymer solution with a polymer material 

5 selected from a group consisting essentially of poIy(ethylene<o-vin)i alcohol), 
cellulose acetate, and poly(vinyIidene difluoride). 

37. A method according to claim 36 wherein the polymer material 
comprises poIy(ethylene-co-vinyl alcohol). 

38. A method according to claim 37 wherein the polymer material 
ID comprises about 3% to about 8% by weight of poly(ethylene-co-vinyl alcohol). 

39. A method according to claim 3 8 wherdn the polymer material 
includes about 2% to 8% by weight of PVP. 

40. A method according to claim 33 wherein the step of forming the 
polymer material includes the step of quenching the polymer material in a bath 

15 comprising ethanol, or reagent alcohol, or water, or dimethylsulfoxide, or 
mbctures thereof, while in place between the first and second permeable 
materials. 

41. A method according to claim 40 and further including, after the 
step of quenching, the step of washing the integral membrane structure. 

20 42. A method for making a permeable structure for implanting in host 

tissue comprising the steps of 

providing a first immunoisolation region having a conformation that, 

when implanted in host tissue, substantially blocks penetration of host 

inflanunatory cells while penmitting transport of solutes, 
25 providing a second inununoisolation region distinct from the first 

region, the second re^on having a conformation that, when implanted in host 

tissue, also substantially blocks penetration of host inflammatory cells, and 
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arranging the first and second regions in a single permeable structure to 
together provide a redundant immunoisolation barrier. 

43 . A method according to claim 42 

wherein, in the step of arran^ng the first and second re^ons, the first 
5 re^on is formed in place in contact i^th the single permeable stnicture. 

44. A method according to claim 42 

wherein, in the step of arran^ng the first and second regions, the first 
re^on is applied in contact with the second region and formed in contact with 
the second region. 
10 45. A method according to claim 44 

wherdn, in the step of arranging the first and second re^ons, the first 
re^on is cast and coagulated in contact with the second region. 

46. A method for making a device for implanting in host tissue 
comprising the steps of 
15 providing a permeable membrane having a conformation that, when 

implanted in host tissue, substantially blocks penetration of at least host 
inflammatory cells into the chamber while permitting solute transport, the 
permeable membrane having a surface, 

applying a solution of polymer material in contact with the surface of 
20 the permeable membrane, 

forming the polymer material in place on the permeable membrane, the 
polymer material, after coagulation, forming an auxiliary permeable layer 
having a conformation that, when implanted in host tissue, substantially blocks 
penetration of at least host inflammatory cells while permitting solute transport 
25 through the permeable membrane, the permeable membrane and the au^dliary 
permeable layer forming an integrated membrane structure, and 

fonrnng the integrated membrane structure into a chamber to hold 
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living cells. 

47. A method according to claim 46 wherein, in the step of 
applying the solution of polymer material, the solution of polymer material is 
applied in contact substantially with the entirety of the surface of the 

5 permeable membrane. 

48. A method according to claim 46 and further including the step 
of treating the surface of the permeable membrane before the step of casting 
the polymer material, to thereby alter surface characteristics to promote 
penetration of the polymer material into the permeable membrane. 

10 49. A method according to claim 46 wherein the step of applying 

includes the step of creating the polymer solution with a polymer material 
selected from a group consisting essentially of poly(ethylene-co-vinyl alcohol), 
cellulose acetate, and poly(\inylidene difluoride). 

50. A method according to claim 49 wherein the polymer material 
15 -comprises poly(ethylene-co-\anyl alcohol). 

51. A method according to claim 50 wherein the polymer material 
comprises about 3% to about 8% by weight of poly(cthylene-co-vinyl alcohol). 

52. A method according to claim 51 wherein the polymer material 
includes about 2% to 8% by weight of PVP. 

20 53. A method according to claim 46 wherein the step of forming the 

polymer material includes quenching the cast polymer material in a bath 
comprising ethanol, or reagent alcohol, or water, or dimethylsulfoTdde, or 
mbctures thereof while in contact with the permeable membrane. 

54. A method according to claim 46 and further including, after the 
25 step of quenching, the step of washing the integral membrane structure. 

55. A method of implanting living cells in host tissue comprising 
the steps of 
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making a device having a chamber for implanting in host tissue 
according to the method defined in claims 33 or 46, 

pladng livmg cells in the duunber of the device, and 

Implanting the device vnih living cells in the chamber in host tissue. 



5 



wo 96/36296 



PCT/US96/06826 




FIG.2 




SUBSTITUTE SHEET (RULE 28) 



FCTAIS96/06826 



2/13 

FI6.2A 



/6 /O' 





SUBSim/TE SHEET (RULE 28) 



wo 96/36296 



PCT/US96y06826 



3/13 




SUBSmuiE SHEET (RULE ») 



wo 96/36296 



PCTAJS96/06826 



5/13 




SUe$mUIES)£Er(RUlE2«| 



wo 96/36296 



FCT/US96/06826 



6/13 




SUBSTITUTE SHEET (RULE 28) 



wo 96/36296 



PCTAJS96/06826 



7/13 




SUBSTITUTE SHEET (RULE 26) 



VfO 96/36296 



PCTAIS96/06826 




SUBSnrUTE SHEET (RULE 26) 



wo 96/36296 



PCrA}S96/06826 



9/13 . 

I' I' 'I'' I' 'I I I I I I I I I I I 



C9 




I- 



tlx 



■4- 

tiJ 



(6oi) Ainigv3i^a3d 



•r C3 



O 



+ i O 

a: 
< 

ZD 

o 



^ o 



o 
o 



to 

s 



SUBSTITUTE SHEET PLE 28) 



wo 96/36296 



10/13 



PCr/US96/06826 




SUBSTITUTE SHEET <RULE 28) 



wo 96736296 



PCT/DS96/06826 




SUBmJTE SHEET (RULE 28) 



wo 96/36296 



PCTATS96/06826 




SUBSTITUTE SHEET (RULE 26| 



13/13 



FIG.I7 



/a 



SUBSTITUTE SHEET (RULE 28) 



INTERNATIONAL SEARCH REPORT 


Intx onal Application No 
DrT/M^ QA/nAft9R 


A. CLASSIFICATION OF SUBJECT MATTeR 

1 rU 0 MDlrc/U^ A01LC//UU M01N7/Ucr 




According to Intemitional Patent aasnflcation (IPQ or to both national dassiflcation and IPC 




B. FIELDS SEARCHED 


Miniinum documentation tcarched (dassificaQon system followed by dassiflcation symbols) 

IPC 6 A61F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fidds searched 



Electronic data base consulted during the intem^mal search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Cdeiofy * 


atatioa of document, with indication, where appropriate, of the rdevant passafcs 


Rdevint to daim No. 


Y 


US,A»5 344 454 (CLARKE) 6 September 1994 
cited in the application 

see the whole document 


1-3,17, 

22,23, 

33,42,46 


Y 


EP.A.O 195 577 (THE REGENTS OF THE 
UNIVERSITY OF CALIFORNIA) 24 September 
1986 

see abstract; claims 1,6 


1-3,17, 

22,23, 

33.42.46 


A 


W0,A.93 19700 (BAXTER INTERNATIONAL) 14 

October 1993 

see the whole document 


1-55 


A 


US.A.S 045 205 (TAYLOR) 3 September 1991 
see the whole document 

-/-- 


1-55 



m 



Further documents are listed in the continuation of boot C 



Patent family members are listed in annex. 



* Spedal categories of dtcd documents : 

'A' document defining the general state of the an i^ch is not 
conadercd to be of particular relevance 

*E* eariicr document but ptdtfished on or after the international 
filing date 

'L* document which may throw doubti on priority daim(s) or 
whidi is dted to estaUish the publication date of aiKititer 
dtation or other spedal reason (as spedfied) 

'O' document referring to an oral disdosure, use, exhibition or 



'P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document pubtidied after the international filing date 
or priori^ date and not in GCHiflict with the application but 
dted Id understand the prindple or theory uiuleriying the 
invention 

*X* document of particular rdcvance; the daimed invention 
cannot be considered novd or cannot be considered Id 
involve an inventive step when the document is taken alone 

'V doc u ment of particular rdevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other sudt docu* 
ments, sudi combination bang obvious to a person skilled 
in the art 

*A' document member of the same patent family 



Date of the actual completion of the tnteinational search 

39 September 1996 


Date of mailing of the international search report 

09. 10L 9S 


Name and mailing address of the ISA 

European Patent Office. P.B. 581 S Patendaan 2 
NL . 22S0 HV Rijswiik 
Td. (i- 31-70) 340-3040, Tk. 31 «S1 cpo nl. 
Fax: (+31*70) 340-3016 


Authorized officer 

Klein, C 



I PCT/ISA/310 ti 



■tiMt) tluly 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Kntcr ml Apfdicatian No 

PCT/US 96/06826 



C^Contmuation} DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



atation of documtnu with indication, where approphaie, of the relevant passages 



Relevant to claim No. 



EP,A,0 259 536 (BAXTER TRAVENOL 
LABORATORIES) 16 March 1988 
see the whole document 

DE.A.39 42 116 (SCHREZENMEIR) 27 June 1991 
see abstract; figure 1 

US.A,4 378 016 (LOEB) 29 March 1983 
see abstract; figures 5,6 

W0,A,89 04655 (BROWN UNIVERSITY RESEARCH 
FOUNDATION) 1 June 1989 

W0,A.94 18307 (BRIGHAN AND WOMEN'S 
HOSPITAL) 18 August 1994 

US,A,4 309 776 (BERGUER) 12 January 1982 

W0,A,94 03126 (THE UNIVERSITY OF TOLEDO) 
17 February 1994 



1-32 

1-32 
1-32 



Fona PCT/1SA/210 (cDottetiatton of tceoDd ittttt) <July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infomution on patent famity numbers 



Inte anal AppUcalion No 

PCT/US 96/06826 



Patent document 


Publication 


Patent faintly 


Publication 


cited in search report 


date 


mer 


nber(s) 


date 






AT-T- 


138256 


X9 WW 7w 






AU-B- 


645155 








AU-A- 


8951491 


26*05-92 

bU 






CA-A- 


2070816 


01-05-92 

WX W^ 7b 






CN-A- 


1063646 


90-07-02 
Cil w/ 7b 






DE-D- 


69119748 


t / ■W0"*30 






EP-A- 


0507933 








IL-A- 


99732 








JP-T- 


5564704 








WO-A- 


9207525 


14-05-92 






US-A- 


5453278 


26-09-95 






US-A- 


5545223 








US-A- 


5314471 








EP-A- 


0555428 








JP-T- 


6502577 








UO-A- 


9302635 




EP-A-195577 


24-09-86 


CA-A- 


1267851 


17-04-90 






OE-A- 


3685046 


f\A CkC OO 






FI-C- 


90628 


1 Q A'3 OA 








7100661 


Ck^ 11 oc 






JP-A- 


61222443 


02-10-86 






US-A- 


4696286 


29-09-87 


WO-A-9319703 


14-10-93 • 


US-A- 


5314471 


24-05-94 






CA-A- 


2132015 


14-16-93 






EP-A- 


0633755 


ID A1 AC 






JP-T- 




14-09-95 


US-A-5e452e5 


03-89-91 








EP-A-259536 


16-03-88 


AU-B- 


583175 


20-04-89 






AU-A- 


6914387 


17-03-88 






JP-A- 


63071262 


31-03-88 






US-A- 


5002572 


26-03-91 


DE-A-3942116 


27-06-91 


NONE 






US-A-4378016 


29-03-83 


NONE 







Pom PCT/ISA/310 (p«Uiit family .aAn«x) <Juty 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

infcnnaoon on patent ramtly members 



Inta nul Application No 

PCT/US 96/06826 



Patent document 


Publication 


Patent family 


Publication 


dted in search report 


date 


member(s) 




WO-A-8904655 


01-06-89 


lie A 

U5-A- 




09-81-90 






All h 

Au-A- 


Z/lo4oo 


14-66-89 






OA A 

CA-A- 


1335715 


30-05-95 






DE-A- 


3878918 


08-04-93 






EP-A- 


0388428 


26-G9-90 






FI-B- 


95284 


29-09-95 






JP-T- 


3502534 


13-06-91 






US-A- 


5389535 


14-02-95 






US-A- 


5554148 


10-09-96 






US-A- 


5487739 


30-01-96 






US-A- 


5158881 


27-10-92 






US-A- 


5106627 


01 Ail AO 

21-04-92 






US-A- 


5283187 


01-02-94 






US-A- 


5182111 


26-01-93 






US-A- 


5284761 


MA MA A A 

08-02-94 






US-A- 


5156844 


20-10-92 






US-A- 


5418154 


23-05-95 






AU-A- 


6137994 


29-08-94 






JP-T- 


8506586 


16-07-96 


US-A-4309776 


12-01-82 

Xb WJL w£» 


NONE 






WO-A-9403126 


17-02-94 


US-A- 


5387237 


07-02-95 






AU-B- 


669004 


23-05-96 






AU-A- 


4994393 


03-03-94 






CA-A- 


2140554 


17-02-94 






EP-A- 


0652735 


17-05-95 






JP-T- 


8502667 


26-03-96 






US-A- 


5425764 


20-06-95 



Foccd PCT/ISA/310 (pMki fomOy aonM) <July 1992) 



page 2 of 2 



